S1. Instrument calibrations, evaluations
The calibrations of the UCPC, SMS, UHSAS, CCN and FSSP100 were evaluated in the laboratory prior to integration on the aircraft and again with the instrumentation in the aircraft at Resolute Bay. The results of these evaluations are summarized below: a) In the laboratory, a Gilibrator was used to determine the relevant flow rates were within 5% of their expected values for the UCPC, SMS and UHSAS. Particle sizing was evaluated against nearly monodisperse 80 nm and 200 nm polystyrene latex spheres (PSLs) as well as nearly monodisperse 50 nm and 100 nm particles of ammonium sulfate (AS); the latter were generated from the atomization of solution droplets that were dried and subsequently size-selected with a TSI 3081 Electrostatic Classifier. The classifier output was also sampled with a TSI 3034 SMPS for comparison, which sized to within 2% of the nominal settings of the PSLs and the 3081. The peak sizes measured with the SMS ranged from 2% to 10% higher than the nominal sizes. The UHSAS was evaluated only with the nearly monodisperse AS particles, and its peak sizes were found to be 6%-8% below the nominal sizes. The number concentrations of both the SMS and UHSAS were evaluated against number concentrations measured with a TSI 3772 CPC, and the agreement was to within 7%.
b) Particle transmission through the CCN low pressure inlet was assessed using two TSI 3772 CPCs: one placed before the inlet at approximately 995 hPa, and one after the inlet at reduced pressure of 650 hPa. The mean ratio of the reduced pressure CPC to the ambient pressure CPC for nearly monodisperse AS particles at several diameters ranging between 35 nm and 110 nm was 0.67, which compares well with the expected reduction by a factor of approximately 0.65. However, the ratio of the CPCs varied between 0.6 and 0.76 with the higher values at smaller particle sizes ( Figure S1 ). The reason for the variation is unknown, but it suggests that the CCNC concentrations sampled through this lowpressure inlet may be artificially increased for particles <70 nm and reduced for particles >70 nm by up to 8%.
c) The ratio of CCNC to CPC number concentrations input to the low-pressure inlet was found to be about 0.60 compared with the pressure ratio of 0.65, suggesting some losses of smaller particles in the CCN instrument. Therefore, after correction to a standard atmosphere, the CCNC data are further multiplied by factor of 1.083. In-flight comparisons with the UCPC data indicated a lag of 16 seconds in the CCNC response due to the lower flow rate of the CCNC and the proximity of the low-pressure box to the intake point of the CCNC. Thus, all CCNC data have been shifted by 16 seconds.
d) Laboratory tests using ammonium sulfate particles and the reduced-pressure inlet ahead of the CCN instrument indicated the effective supersaturations were reduced from the nominal supersaturations tested (0.2%, 0.6%, 0.8% and 1.0%) to values of 0.15%, 0.37%, 0.5% and 0.6% at an inlet pressure of 650 mb ( Figure  S2 ). The nominal supersaturation was set to 1.0% for the study, thus representing an effective supersaturation of 0.6%. e) Size classified particles of ammonium sulfate were used to check sizing and number concentrations of the SMS, UHSAS and CCN in the aircraft in Resolute Bay. The number concentrations were evaluated against a TSI 3772 CPC and the UCPC (3787). Flow rates were also re-checked. The Resolute Bay in-aircraft tests confirmed the instruments were operating as characterized in the laboratory. The UCPC and the 3772 correlated with a R 2 of >0.99 and a slope of 1.003 for generated particles larger than 20 nm. f) Figure S3 shows a comparison of the SMS and UHSAS in their overlap size range for the flight on July 19. The overall best comparison of the number concentrations is obtained by setting the SMS interval to 77 nm to 100 nm, which is consistent with the opposite biases in the SMS and UHSAS sizing discussed above. The UHSAS and SMS may differ in their sizing due to differences between optical diameter (UHSAS) versus mobility diameter (SMS). Across the period shown in Figure 3 , the averaged number concentrations for the SMS and UHSAS are 81.7 cm -3 and 73.3 cm -3 , respectively. Considering this comparison and the calibrations, the uncertainties in the sizing of the SMS and the UHSAS are each estimated at ±10%, and the uncertainty in the number concentration measurement of each is also ±10%.
g) The CDNC derived from the FSSP-100 measurements are based on the number of counts per second divided by the sample volume, where the latter is derived from multiplication of the sample area by the true airspeed (TAS). The sample area is calculated from multiplication of the measured depth of field (0.298 cm) by the measured beam diameter (0.02 cm) and a theoretical factor of 0.62. The 0.62 factor is derived based on geometric considerations of the transit time of a particle passing through the sample volume of the FSSP. The FSSP electronics sorts particles by transit time in order to exclude particles passing near the edge of the laser beam where the laser intensity is low and the particle size will be underestimated. The CDNC were calculated as follows:
CDNC=Counts(per sec.)/(0.62*0.02*0.298*TAS)
where the units of TAS are cm s -1 . The CDNC have not been corrected for coincidence or probe dead time. These corrections are minor for the relatively low TAS (both mean and median values of 66 m s -1 ) and CDNC (maximum of the averaged values here is 273 cm -3 and the median of the averaged values is 58 cm -3 ), but some of the higher CDNC may be biased slightly low. Corrections for flow around the aircraft were not taken into account because the effects of flow on the measurements are significantly less than the estimated probe measurement accuracies of the CDNC (±15%) for the airspeeds here Cober et al. [2001] . Sizing calibrations were done in the laboratory and repeated on the aircraft at Resolute Bay using 10 µm diameter glass beads aspirated through the sample volume. The range covering 2-47 µm was used on all but two flights: the FSSP-100 was operated on the 2-32 µm range during the flights conducted on July 8 and 10. h) In-situ calibrations of the AL5002 CO monitor were conducted regularly in flight using a NIST traceable calibration gas with a known CO concentration at atmospheric level. Zero measurements are performed on a 15 to 30 min time interval during the measurement flights. The calibrations and zero measurements allow for corrections of instrument drift, thereby increasing the stability and accuracy of the instrument, and leading to an uncertainty of ±2.3 ppbv relative to the standard. 
